cipants in our home BP measurement project were aged T 8 years and over. The objective of this study was to investigate the association between home BP levels and subsequent mortality; therefore, the subjects aged õ40 he clinical usefulness of blood pressure ( BP ) measured at home with semiautomated devices ( home BP measurement ) has been investigated over the decades. 1 These studies years at the time of home BP measurement were exindicated that home BP measurement was superior to cluded from the analysis, because deaths were less comcasual clinic BP measurement in terms of reliability, [2] [3] [4] mon among these younger people. The total population correlation with end-organ damage, 4,5 absence of of the three districts of Ohasama Town was 4,774. Of white-coat effect, 5-7 and so forth. those, 2,716 were aged 40 years and over at baseline. In spite of the above merits, no agreement has been Among them, 575 subjects working out of the town reached regarding the usefulness of home BP meawere considered ineligible and were excluded from the surement as a tool for managing hypertension in the study. This exclusion was necessary because our project clinical settings. 8 -10 This problem is partly attributable also included ambulatory BP measurement. In order to the fact that the reference value for home BP meafor us to attach a device for ambulatory BP monitoring surement to differentiate normotension and hypertento the study subjects, the study subjects had to stay at sion has not been established, 3, 4, 8 and also to the fact the town during working days. Out of the remaining that predictive power of home BP values for mortality 2,141 subjects, hospitalized subjects ( n Å 121 ) and menhas not been fully investigated. So far, the reference tally ill or bedridden subjects ( n Å 31 ) were not invited values for home BP measurement have been proposed to participate in the study. by comparing the casual and the home BP measure-A total of 1,989 subjects were eligible for the study. ments, based on cross-sectional observations.
2,3,7 The Of those, 1,957 subjects ( 96% ) gave their informed conreference value, however, must be the one that best sent and participated in the study. The data were obpredicts the risk for morbidity and mortality from hytained from 1,913 subjects ( 98% of the eligible subjects, pertension-related complications. For this purpose, mean age 60.9 years, men:women, 42:58 ) who meathe prognostic evaluation of home BP measurement sured their home BP more than three times during the based on a longitudinal observation of the population 4-week study period. This criteria was justified by our is necessary.
previous observation that the mean BP value obtained The purpose of this study is to propose reference for the first three days was not significantly different values for home BP measurement from a viewpoint from the values obtained for the entire study period.
6,7
of prognostic significance. For this, we examined the The mean number of home BP measurements among association between the values of home BP measurethe study subjects was 20.8 { 8.3 ( mean { SD). ment and the overall mortality, which was derived Those who participated in the study ( n Å 1,913 ) and from a longitudinal observation of the general populathose who did not ( due to the above reasons; n Å 803 ) tion in a rural Japanese community.
were not significantly different in terms of educational METHODS background. The SMR of the participants during 1988 to 1992, as compared with that of nonparticipants, was This study is based on a longitudinal observation of 1.11 for overall mortality, which was not statistically 1,913 subjects participating in our home BP measuresignificant. Thus, selection bias seemed to be remote, ment project at Ohasama Town, Iwate Prefecture, Jaand the study subjects were considered to well reprepan, since 1987. The socioeconomic and demographic sent the people in this community. characteristics of this region and the details of the study project have been reported elsewhere. 6, 7 The Home Blood Pressure Measurements The physicians most common cause of death among the residents of or the public health nurses instructed the subjects on this town was cerebrovascular disease, followed by how to measure their own BP at home prior to the cancer and heart disease. Compared with the mortal-measurement. The subjects were asked to measure their ity in Japan, the standardized mortality ratio ( SMR ) BP every morning, within 1 h after waking, in the sitting of the residents at Ohasama Town during 1988 to 1992 position after more than 2 min of rest and to record the was 0.98 for all causes, 1.31 for cerebrovascular dis-results for 4 weeks. The home BP level of an individual ease, 0.99 for cancer, and 0.59 for heart disease. This was defined as mean value of all the measurements for study project was approved by the Institutional Re-the subject. ing the year when they measured their home BP. Using equally into five groups according to the distribution of home BP levels. These five levels of home BP were a fully automatic BP measuring device, blood pressure readings were obtained by nurses or technicians twice treated as dummy variables. Age at baseline was categorized into three groups: 40 to 59, 60 to 69, and 70/ in a consecutive manner with subjects in the sitting position and after at least 2 min of rest. The average of years; then treated as dummy variables. The numbers of subjects and deaths for each variable are listed in the two readings, the screening BP, was used for analysis. There was no significant difference in mean age, We examined the association between the baseline Home systolic blood pressure BP levels and the overall mortality. Kaplan-Meier life (mm Hg) 
, in which b was the regression coefficient of each variable. In this model, men were coded 1 and women 0 for sex, and the subjects treated with antihypertensive medication were coded 1 and those untreated were coded 0. Our preliminary analysis indicated that there was a nonlinear ( U-shaped) association between home DBP value and mortality. This association would be more adequately expressed by an equation of the second degree rather than of the first degree. Thus, we also attempted the analysis using the following formula: ln (Relative Hazard)
Incorporation of the second degree values of BP into a regression model has been made by McCloskey et al, 19 who demonstrated a U-shaped association between DBP and risk of myocardial infarction. We analyzed the above two models, using a maximum likelihood estimate for the regression coefficients and a likelihood ratio statistic for P values.
To compare predictive power for mortality between home BP and screening BP, we examined the association between screening BP and mortality with Cox proportional hazards regression model. In this analysis, we calculated RH and 95% CI of screening systolic BP ( ¢140 mm Hg v õ140 mm Hg ) and of screening diastolic BP ( ¢90 mm Hg v õ90 mm Hg ) .
RESULTS
Mean { standard deviation ( SD ) of home SBP was 125.5 { 15.1 ( range 86 to 183 ) mm Hg, and that of home DBP was 75.1 { 10.0 ( range 43 to 113 ) mm Hg. Distribution of home BP values among the subjects was previously reported. 7 Mean { standard deviation ( SD ) of screening SBP was 133.3 { 18.9 ( range 83 to 215 ) mm Hg, and that of screening DBP was 75.9 { 11.8 ( range 42 to 119 ) mm Hg. The mean duration of follow-up was 5.0 ( SD 2.2, range 0.1 to 7.7 ) years. Of the 141 deaths, the leading cause was cerebrovascular disease ( 38 deaths, 27% ) , followed by cancer ( 33 deaths, 23% ) , and heart disease ( 17 deaths, 12% ) . This order in the causes of death for the study subjects was the same as for the total population aged 40 years and over at Ohasama Town during 1987 to 1994. Figure 1 shows the Kaplan-Meier survival curves for baseline home SBP and home DBP levels, respec- the home BP levels ( SBP log-rank x 2 Å 43.3, P õ diastolic blood pressure ( B ) . .001, DBP log-rank x 2 Å 12.7, P Å .013 ) . The poorest survival was observed for the subjects at the highest quintile level for home SBP ( 138 mm Hg and over ) . For home DBP levels, the poorest survival was at the RHs and 95% CIs of home BP levels for overall mortality, adjusted for age, sex, and use of antihypertenhighest quintile ( 83 mm Hg and over ) and the lowest quintile ( below 67 mm Hg ) level.
sive medication, are shown in Table 2 Table 3 for home DBP, respectively. For home erence values for home BP measurement. For home SBP, the risk for mortality significantly increased at DBP, we arbitrarily decided that a 10% increase of morthe highest quintile level ( 138 mm Hg and over ; RH tality risk ( RH Å 1.10 ) as referenced to that at 75 mm Å 2.06, P Å .03 ) . The relation between home SBP and Hg should be considered as a serious and substantial mortality was linear rather than U-shaped. For home risk. In Figure 3 , the home DBP values corresponding DBP, this relation fit the U-shaped curve. The lowest mortality risk ( nadir ) was at the level between 72 and 77 mm Hg. The RHs significantly increased at both the and other causes related to advanced age. The results of parametric analyses are given in Table   * calculated the adjusted RHs of the above three home BP strata for mortality, in which the normotension stratum was assigned as the reference group ( Table 6 ) . The significantly increased risk for mortality was observed for both low diastolic blood pressure ( RH Å 1.54, P Å .05 ) and hypertension ( RH Å 1.70, P Å .04 ) strata. In setting the reference value for home SBP, the approach taken for home DBP is not applicable because the excess risk for mortality per unit of increase in home SBP is constant across all BP levels ( a linear pattern ) . Because home SBP has no low pressure stratum, our decision is dichotomous: normotension versus hypertension. We attempted to find out the cut-off point of home SBP in which RH of hypertension stratum was approximately 1.70 as referenced to normotension stratum. The value of 1.70 as an excess risk was derived from the results of home DBP, as indicated in Table 6 . In this case, the RH of home SBP level 137 mm Hg and over was 1.77 ( 95% CI: 1.25 to 2.52 ) as referenced to home SBP below 137 mm Hg ( Table 6 ) . Thus, we define 137 mm Hg as the upper norm of home SBP. In this population, home systolic BP of 137 mm Hg corresponded to the 80th percentile and home diastolic BP for mortality significantly increased among hypertensive subjects, defined as 140 mm Hg and over. However, the RH of hypertensives as determined by screening BP measurement (RH Å 1.50) was smaller than that by home BP. The present result, that is, better prediction of mortality risk by home than by casual screening BP BP measurement (RH Å 1.77). For screening DBP, the risk among hypertensives tended to increase (RH Å 1.05) measurement, was not surprising, because it has been already reported that BP-related end-organ damage although it did not reach a statistically significant level. The present results suggest to us that the home BP mea-was more closely related with home than with casual BP levels.
4 surement provides a stronger prediction for subsequent mortality than casual BP measurement.
The association between home BP measurement and mortality fit the first degree equation ( linear relaIn summary, we propose reference values for home BP measurement as follows: hypertension as 137/84 mm Hg, tion ) of home SBP and the secondary degree equation ( U-shaped relation ) of home DBP. An increase in the and normotension as below 137 mm Hg for home systolic BP and between 66 and 83 mm Hg for home diastolic risk of overall mortality among those with lower DBP has been observed not only among treated 17, 18, 20, 21 and BP. Home diastolic BP below 66 mm Hg may be considered as low diastolic blood pressure. Accordingly, with untreated ( or placebo-given ) 18, 22 hypertensive patients, but also among the general population. 23 Witteman et these reference values for home BP measurement, 29% of the study subjects were classified as having hypertension, al demonstrated that both the lowest category of baseline DBP and the highest two categories had signifi-52% as normotension, and 19% as having low diastolic blood pressure.
cantly excessive risks for substantial progression of aortic atherosclerosis. 24 Most of these studies were in DISCUSSION agreement that the association between SBP and mortality was a linear pattern. The present findings are consisThe present study, based on a longitudinal observation of the representative sample of the general popu-tent with these previous reports.
Based on the U-shaped association between home lation in a rural Japanese community, revealed that the predictive power of home BP levels for subsequent DBP and overall mortality, we propose that normotension is actually between 66 and 83 mm Hg. Home DBP mortality was stronger than that of casual screening ¢84 mm Hg may be considered as hypertension, and õ 66 mm Hg as low diastolic blood pressure. We then 8 -10 It is partly because the prognostic value of home BP measurement has not been fully Because the reference value directly influences a physician's decision to treat an individual patient or not, evaluated, and because there is no established reference values for home BP measurement to differentiate northe value should reflect the prognosis of the disease. Our report is the first attempt to propose reference values for motension and hypertension.
3,4,8 The reference value must be the one that best predicts the risk for morbidity home BP measurement based on prognostic criteria. The most important question regarding the present study is and mortality from hypertension-related complications.
The present study addressed this issue, and we proposed the decision at which point the increase in RH should be considered as an excess risk for mortality under the reference values based on the prognostic significance.
The present finding awaits to be tested at different comcircumstance where the risk continuously changes with varying BP values. As there is no general agreement on munity settings and with different prognostic parameters in order for us to better evaluate and control hyperthis issue, we arbitrarily decided on 10% excess in RH as a serious and substantial risk. Even with such an tensive patients. arbitrary decision, as shown in 2 SD outside the normal mean. We must point out that the interpretation of the pres- home BP level since then were not taken into account. Finally, the mortality from cerebrovascular disease in 9. American College of Physicians: Automated ambulatory blood pressure and self-measured blood pressure this community is significantly higher than in Japan / 2e15$$2168 02-26-97 23:51:41 eajhas EL: AJH
